1. Introduction {#sec1-ijerph-16-01839}
===============

It is widely documented that physical activity (PA) has a positive impact on diminishing the risk of some cardiometabolic diseases such as obesity, diabetes, or coronary disease, and mortality \[[@B1-ijerph-16-01839],[@B2-ijerph-16-01839]\]. However, regular participation in PA is a lifestyle factor that can provide numerous benefits beyond physical health. In the last decade, a growing body of literature has suggested that PA has a beneficial effect on the brain's development processes and cognitive function in children and adolescents, thus leading to better learning and academic achievement \[[@B3-ijerph-16-01839],[@B4-ijerph-16-01839],[@B5-ijerph-16-01839],[@B6-ijerph-16-01839],[@B7-ijerph-16-01839]\]. In addition, some studies have suggested that PA could reduce the risk of mental health disorders (such as stress, depression and low self-esteem) \[[@B4-ijerph-16-01839],[@B8-ijerph-16-01839]\] and improve various life skills, including decision-marking, problem solving or creativity \[[@B9-ijerph-16-01839],[@B10-ijerph-16-01839]\]. Different pathways or mechanisms by which regular PA appears to exert this beneficial effects on the brain have been proposed, including increased blood flow and oxygen to the brain, improved neurogenesis, and synaptic plasticity, as well as increased levels of norepinephrine and endorphins \[[@B11-ijerph-16-01839],[@B12-ijerph-16-01839],[@B13-ijerph-16-01839]\]. Moreover, previous studies have suggested that PA increased certain growth factors (such as brain-derived neurotrophic factor or insulin-like growth factor-1) that improve the function and structure of the brain \[[@B11-ijerph-16-01839],[@B14-ijerph-16-01839]\]. Thus, through these mechanisms, regular PA may improve the schoolchildren's behavior in the classroom, leading to better concentration on and attention to the academic content \[[@B11-ijerph-16-01839]\]. Nevertheless, despite these benefits, a growing number of studies have reported that most children and adolescents do not meet current PA recommendations \[[@B15-ijerph-16-01839],[@B16-ijerph-16-01839],[@B17-ijerph-16-01839],[@B18-ijerph-16-01839],[@B19-ijerph-16-01839]\].

It is known that the exercise at early age (during brain development) produces more benefits than at later ages \[[@B20-ijerph-16-01839]\]. In addition, this is a key period of life in which individuals develop and consolidate healthy habits that tend to persist over time, since the adolescent brain is sensitive to be influenced by environment and modifiable lifestyle behaviors such as PA \[[@B21-ijerph-16-01839],[@B22-ijerph-16-01839]\]. However, unfortunately, the adolescence is a period of life where PA levels drop drastically \[[@B23-ijerph-16-01839]\].

One way to increase levels of daily PA is to integrate active commuting to and from school (ACS) by walking, cycling or skateboarding into the daily routine of children and adolescents \[[@B24-ijerph-16-01839]\]. Recent studies have shown that ACS represents approximately 23% of the time spent in PA per week \[[@B25-ijerph-16-01839]\] and can result in up to 45 additional minutes of daily moderate-vigorous PA \[[@B26-ijerph-16-01839]\]. Furthermore, previous systematic reviews have indicated that usual ACS is associated with healthier body fat and higher values of cardiorespiratory fitness, especially in children and adolescents who cycle to and from school \[[@B26-ijerph-16-01839],[@B27-ijerph-16-01839]\]. However, although several authors have pointed out the need to examine which strategies and types of PA are most effective in improving cognition \[[@B4-ijerph-16-01839],[@B7-ijerph-16-01839],[@B28-ijerph-16-01839]\], no review to date has evaluated the association of ACS on cognitive performance and academic achievement. Given that previous studies have suggested that regular PA has positive effects on cognitive performance and academic achievement \[[@B5-ijerph-16-01839],[@B6-ijerph-16-01839]\], habitual ACS (as a way to increase the amount of daily PA) may be positively related with these improvements in children and adolescents, although consistent evidence about this is lacking. In addition, given that several inconsistencies regarding the assessment of the relationship between PA and both cognitive performance and academic achievement outcomes \[[@B3-ijerph-16-01839],[@B29-ijerph-16-01839]\] have been reported, it seems relevant to analyze the relationship to ACS while distinguishing between cognitive performance and academic achievement.

Thus, the aim of this systematic review and meta-analysis was to examine the association between ACS and both cognitive performance and academic achievement in children and adolescents.

2. Materials and Methods {#sec2-ijerph-16-01839}
========================

2.1. Definitions {#sec2dot1-ijerph-16-01839}
----------------

For the purposes of maintaining clarity and consistency in this review, definitions for the following terms are provided: Active commuting to and from school. Is defined as the use of active means of transportation as walking, cycling, skateboarding, or other nonmotorized means that implies energy expenditure for commuting to and from school.Cognitive performance. In this review, cognitive performance is used to describe the cognitive functions of schoolchildren through performance of standardized and validated tests that including different components of cognition \[[@B30-ijerph-16-01839]\]. Following the classification adopted in a recent systematic review and meta-analysis \[[@B5-ijerph-16-01839]\], we established three groups of cognitive functions: (1) nonexecutive cognitive functions (cognitive domains related minimally with executive function, such as decision making or processing speed) \[[@B5-ijerph-16-01839]\]; (2) core executive functions (mental processes that generally include three core executive functions: inhibition, working memory and cognitive flexibility) \[[@B31-ijerph-16-01839]\]; and (3) metacognition (the individual´s capacity to understand cognitive processes and use knowledge to regulate behaviors \[reflects the use of higher-level executive functions such as planning, reasoning and problem solving\]) \[[@B29-ijerph-16-01839]\].Academic achievement. This term is used to describe the performance of children through the use of standardized tests at school or the educational environment (such as the scores on specific subjects or classroom test scores, the grade point average or other formal assessments) \[[@B30-ijerph-16-01839]\].

2.2. Registration and Protocol {#sec2dot2-ijerph-16-01839}
------------------------------

This systematic review and meta-analysis was registered on 5/12/2017 with the International Prospective Register of Systematic Reviews (PROSPERO) database (Ref. CRD42017079726) and was performed according to the Meta-analysis of Observational Studies in Epidemiology (MOOSE) statement (see [supplementary material Table S1](#app1-ijerph-16-01839){ref-type="app"} for MOOSE checklist for meta-analysis of observational studies) \[[@B32-ijerph-16-01839]\] and the Cochrane Collaboration Handbook \[[@B33-ijerph-16-01839]\].

2.3. Search Strategy {#sec2dot3-ijerph-16-01839}
--------------------

The literature search was conducted by two reviewers using MEDLINE (via PubMed), EMBASE, Web of Science and PsycINFO databases for all observational studies published until May 2019 that examined the association between ACS and cognitive performance or academic achievement. The search strategy was applied to all the titles, abstracts and keywords of the studies combining the following relevant terms: (1) "commuting", "active commuting", "active commuting to school", "active commuting from school", "active transportation to school", "active transportation from school", "walk\*", "walking to school", "walking from school", "cycling", "cycling to school", "cycling from school", "bicycling", "bicycling to school", "bicycling from school", "skateboarding", "skateboarding to school", "skateboarding from school" and "lifestyle habit\*"; (2) "cognition", "executive", "executive function", "academic", "academic skill\*", "academic achievement", "academic performance", "academic behavior\*", "academic grade\*", "cognitive performance", "cognitive control", "cognitive flexibility", "intelligence", "memory", "attention", "mathematic performance", "inhibitory control", "working memory", "decision making" and "metacognition"; (3) "children", "childhood", "preschooler", "schoolchildren", "preadolescent", "adolescent\*" and "adolescence" (see [supplementary material Table S2](#app1-ijerph-16-01839){ref-type="app"} for the MEDLINE database search strategy). To complement the literature search, the reference lists of the articles included in this review were reviewed for possible inclusion.

2.4. Study Selection Criteria {#sec2dot4-ijerph-16-01839}
-----------------------------

Studies were considered eligible if they (1) examined healthy children or adolescents from 4 to 18 years of age, (2) included objective measures or self-report questions to assess ACS, (3) included data differentiated between active and passive commuters in their analysis, (4) included data about the association between commuting to and from school with at least a measure of cognitive performance or academic achievement as a dependent variable, (5) used a cross-sectional design or showed baseline measurements of cohort studies and randomized control trials, and (6) were published or accepted for publication in a peer-reviewed journal. Studies were excluded when the age of the population was outside the specified range or when the target population was specifically children or adolescents with mental disorders that could limit generalizability. Finally, studies were likewise excluded when they were not published in English or Spanish.

2.5. Search Data Extraction {#sec2dot5-ijerph-16-01839}
---------------------------

Two researchers independently screened all titles and abstracts of the retrieved studies, removing duplicates and excluding those that did not meet the selection criteria. The same two authors independently collected the following data from each selected article: (1) year of publication, (2) country of the study, (3) study design, (4) population characteristics (sample size and age), (5) assessment of ACS (indicator and categories of ACS), and (6) tools and/or scales used for the schoolchildren's cognitive performance and academic achievement assessment and domains evaluated ([Table 1](#ijerph-16-01839-t001){ref-type="table"}). In addition, the main outcomes and covariates included in each study were also extracted ([Table 2](#ijerph-16-01839-t002){ref-type="table"} for cognitive performance outcomes, and [Table 3](#ijerph-16-01839-t003){ref-type="table"} for academic achievement outcomes). The authors of the included studies were contacted when a lack of data was detected. Disagreements among the researchers in the collection of information were resolved by consensus or by involving a third researcher.

Studies were classified into two groups according to their measured outcomes: cognitive performance (distinguishing between nonexecutive cognitive functions, core executive functions, and metacognition) and academic achievement (distinguishing between the marks of different areas and grade point average (self-reported or measured by the teacher).

2.6. Risk of Bias {#sec2dot6-ijerph-16-01839}
-----------------

After concealing information about the studies (authors, affiliations, date and sources of manuscript) that met the inclusion criteria, two reviewers independently assessed the methodological risk of bias of the studies (see [supplementary material Table S3](#app1-ijerph-16-01839){ref-type="app"}). The criteria for assessing risk of bias were created based on the STrengthening the Reporting of OBservational studies in Epidemiology (STROBE) criteria \[[@B34-ijerph-16-01839]\] and the Effective Public Health Practice Project (EPHPP) \[[@B35-ijerph-16-01839]\]. A risk of bias score was calculated based on the following five criteria, employed by Smith and Madden \[[@B36-ijerph-16-01839]\] and Rodriguez-Ayllon et al. \[[@B37-ijerph-16-01839]\]: (1) adequate description of the study sample (number of participants, mean age and sex); (2) adequate assessment/reporting of ACS (ACS measurement was clearly defined and validated, and the studies included at least three of the following data: duration/distance, intensity, frequency or analysis separating walking, cycling or other means of commuting to and from school); (3) adequate assessment of the cognitive performance and academic achievement outcomes (validity/reliability of the outcome measure reported and/or measurement procedure adequately described); (4) adequate adjustment of confounders (the studies considered at least three of the following confounding variables: sex, age, familial socioeconomic status, distance or total PA); and (5) description of both the numbers and reasons for withdrawals and dropouts (participation rate at baseline at least 70%). Based on previous methodology, the scores were summed to provide a total score out of 5, using the following categories: 0--2 "high risk", 3 "medium risk", and 4--5 "low risk". Disagreements were resolved by consensus or by involving a third researcher.

2.7. Statistical Analysis {#sec2dot7-ijerph-16-01839}
-------------------------

Only those studies that included data about differences between active and passive travelers on cognitive performance or academic achievement were included in the meta-analysis. Effect sizes (ES) were estimated to depict the relationship between the mode of commuting to and from school for each observation using Cohen´s d index \[[@B38-ijerph-16-01839]\]. A pooled ES was estimated using the DerSimonian and Laird random-effects method \[[@B39-ijerph-16-01839]\] on cognitive performance and each area of academic achievement in which positive ES values indicated higher outcomes scores in favor of the ACS groups. Heterogeneity across studies was assessed using the I^2^ statistic and was categorized as not important (0% to 40%), moderate (30% to 60%), substantial (50% to 90%) and considerable (75% to 100%) \[[@B33-ijerph-16-01839]\]. In addition, the corresponding p values were also considered.

ijerph-16-01839-t001_Table 1

###### 

Characteristics of the included studies.

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Study ^a^                                               Population Characteristics   Outcome                                                                                                                                                                                                                                                                                                                                                                                                           
  ------------------------------------------------------- ---------------------------- ---------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------
  Ruiz-Hermosa et al. 2018 \[[@B40-ijerph-16-01839]\]     Spain                        1159 (599 boys),\      ✓Indicator: usual walking from home to school✓Categories:-Non-ACS-ACS                                                                                                                        Battery of General and Differential Aptitudes (BADyG):✓Nonexecutive functions:-General nonverbal intelligence-Spatial factor✓Metacognition:-Logical reasoning✓Overall cognitive performance   Battery of General and Differential Aptitudes (BADyG):✓Mathematics-related skills✓Language-related skills
                                                                                       5.3 ± 0.6 (years)                                                                                                                                                                                                                                                                                                                                                                                                 

  García-Hermoso et al. 2017 \[[@B25-ijerph-16-01839]\]   Chile                        389 (196 boys),\       ✓Indicator: usual walking to and from school (at least one of the trips must be walking to be considered to be ACS)✓Categories: -Non-ACS-ACS ≤ 30 min-ACS 30--60 min-ACS \> 60 min-Non-ACS                                                                                                                                                                                                 Grade scores:✓Mathematics-related skills✓Language-related skills
                                                                                       12.0 ± 0.6 (years)                                                                                                                                                                                                                                                                                                                                                                                                

  Mora-González et al. 2017 \[[@B41-ijerph-16-01839]\]    Spain                        489 (240 boys),\       ✓Indicator: usual walking and cycling to and from school (at least one of the trips must be walking or cycling to be considered to be ACS)✓Categories: -Non-ACS-ACS                                                                                                                                                                                                                        Grade scores: ✓Mathematics-related skills✓Language-related skills✓English language✓Natural sciences✓Social sciences✓Overall academic achievement
                                                                                       10 ± 1.2 (years)                                                                                                                                                                                                                                                                                                                                                                                                  

  1649 (820 boys),\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      
  14.2 ± 1.3 (years)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     

  Ruiz-Ariza et al. 2017 \[[@B42-ijerph-16-01839]\]       Spain                        1006 (428 boys),\      ✓Indicator: at least 5 trips walking of more than 15 min weekly✓Categories:-Non-ACS-ACS(mean of 18.30 min/day)                                                                                                                                                                                                                                                                             Grade scores: ✓Mathematics-related skills✓Language-related skills✓Physical education✓Overall academic achievement
                                                                                       14.4 ± 1.7 (years)                                                                                                                                                                                                                                                                                                                                                                                                

  Domazet et al. 2016 \[[@B43-ijerph-16-01839]\]          Denmark                      568 (269 boys),\       ✓Indicator: usual walking and cycling to and from school✓Categories: -Non-ACS-Walking-Cycling                                                                                                Eriksen flanker task:✓Core executive functions: -Inhibitory control (reaction time and accuracy)                                                                                              Danish Ministry of Education Test:✓Mathematics-related skills
                                                                                       13 ± 0.6 (years)                                                                                                                                                                                                                                                                                                                                                                                                  

  López-Vicente et al. 2016 \[[@B44-ijerph-16-01839]\]    Spain                        2897 (599 boys),\      ✓Indicator: Usual walking and cycling from home to school✓Categories:-Non-ACS-ACS 1--25 min-ACS 1--25 min-ACS \> 25--50 min-ACS \>50 min                                                     N-back task: ✓Core executive functions:-Working memory Attentional network task: ✓Core executive functions:-Attention                                                                         
                                                                                       8.6 ± 0.9 (years)                                                                                                                                                                                                                                                                                                                                                                                                 

  Martins et al. 2016 \[[@B45-ijerph-16-01839]\]          Portugal                     391 (189 boys),\       ✓Indicator: usual walking and cycling to and from school✓Categories:-Non-ACS-ACS one-trip-ACS two-trips(mean of 11.17 min/day)                                                                                                                                                                                                                                                             Self-reported question of academic achievement:✓Language-related skills✓Mathematics-related skills✓Physical education
                                                                                       16.0 ± 1.5 (years)                                                                                                                                                                                                                                                                                                                                                                                                

  Van Dijk et al. 2014 \[[@B46-ijerph-16-01839]\]         The Netherlands              270 (143 boys),\       ✓Indicator: mean moving time (minutes) on weekdays between 7:00 a.m. and 8:40 a.m. x 2 (round-trip)(mean of 46.16 min/day)                                                                   D2 test of attention:✓Core executive functions:-Response inhibition/selective attention Symbol Digit Modalities test:✓Core executive functions:-Information-processing speed                  Grade scores:✓Overall academic achievement (language-related skills, mathematics-related skills, and English language)✓Mathematics-related skills
                                                                                       13.4 ± 1.3 (years)                                                                                                                                                                                                                                                                                                                                                                                                

  Stea and Torstveit 2014 \[[@B47-ijerph-16-01839]\]      Norway                       2432 (1187 boys),\     ✓Indicator: usual walking and cycling to and from school✓Categories: -Non-ACS-ACS                                                                                                                                                                                                                                                                                                          Grade scores:✓Overall academic achievement (language-related skills, English language, and mathematics-related skills)
                                                                                       16 ± 0.4 (years)                                                                                                                                                                                                                                                                                                                                                                                                  

  Haapala et al. 2014 \[[@B48-ijerph-16-01839]\]          Finland                      186 (107 boys),\       ✓Definition: minutes/day of walking and cycling to and from school✓Categories: -Non-ACS-ACS(mean of 18.7 min/day)                                                                                                                                                                                                                                                                          Ala-asteen lukutesti (ALLU test battery):✓Reading fluency✓Reading comprehension Basic Arithmetic test:✓Mathematics-related skills
                                                                                       7.7 ± 0.4 (years)                                                                                                                                                                                                                                                                                                                                                                                                 

  Stock et al. 2012 \[[@B49-ijerph-16-01839]\]            Denmark                      10,380 (5086 boys),\   ✓Indicator: Everyday walking, cycling or skating to and from school✓Categories: -Non-ACS-ACS(mean of 14 min/day)                                                                                                                                                                                                                                                                           Self-reported question of academic achievement:✓Overall academic achievement (very good, good, average, and not good)
                                                                                       14.1 ± 0.4 (years)                                                                                                                                                                                                                                                                                                                                                                                                

  Martínez-Gómez et al. 2011 \[[@B50-ijerph-16-01839]\]   Spain                        1700 (808 boys),\      ✓Indicator: usual walking and cycling from home to school✓Categories: -Non-ACS-ACS-ACS ≤ 15 min-ACS \> 15 min                                                                                Short Test of Educational Ability (SRA):✓Metacognition:-Reasoning ability✓Overall cognitive performance                                                                                       Short test of Educational Ability (SRA):✓Language-related skills✓Mathematics-related skills
                                                                                       15.4 ± 1.3 (years)                                                                                                                                                                                                                                                                                                                                                                                                
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

^a^ All the studies were cross-sectional design, except for López-Vicente et al. \[[@B44-ijerph-16-01839]\] and Haapala et al. \[[@B48-ijerph-16-01839]\] that were follow-up studies. ^b^ All the studies used self-report questions or diaries to assess ACS, except for Van Dijk et al. \[[@B51-ijerph-16-01839]\] that used accelerometers. Abbreviations: ACS, active commuting to and from school.

ijerph-16-01839-t002_Table 2

###### 

Main outcomes of included studies that analyzed the association between active commuting to and from school (ACS) and cognitive performance.

  Reference                                               Results                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                Covariates
  ------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ ---------------------------------------------------------------------------------------------------------------
  Ruiz-Hermosa et al. 2018 \[[@B40-ijerph-16-01839]\]     No differences were found between walking to school and passive commuters with Nonverbal Intelligence and General Intelligence outcomes in children aged 4 to \<6 years old. Walking to school was not associated with Logical Reasoning, Spatial Factor and General Intelligence outcomes in children aged ≥6 to 7 years old.                                                                                                                                                                         Age, BMI, CRF, and SES.
  Domazet et al. 2016 \[[@B43-ijerph-16-01839]\]          Walking and cycling to and from school was not associated with Inhibitory Control.                                                                                                                                                                                                                                                                                                                                                                                                                     Age, sex, SES, breakfast consumption, and supporting teaching outside the classroom during school hours.
  López-Vicente et al. 2016 \[[@B44-ijerph-16-01839]\]    No differences were found between active commuting to school and passive commuters in Working Memory and Attention outcomes.                                                                                                                                                                                                                                                                                                                                                                           Sex, maternal education, SES, residential neighborhood, and air pollution.
  Van Dijk et al. 2014 \[[@B46-ijerph-16-01839]\]         ACS was positively associated with executive functioning (Response Inhibition/Selective Attention) in girls (β = 0.17, *p* = 0.037), but not in boys. No differences between ACS and passive commuters with Information-processing Speed outcomes were shown.                                                                                                                                                                                                                                          Sex, academic year, SES, BMI, depressive symptoms, ethnicity, school level, and PA per week by accelerometer.
  Martínez-Gómez et al. 2011 \[[@B50-ijerph-16-01839]\]   Girls in the active commuting to school group had significantly higher scores than girls in the non-active commuting to school group in Overall Cognitive Performance (53.20 ± 14.01 vs. 49.61 ± 12.24; *p* \< 0.001). In addition, girls in the active commuting to school \> 15-minute group had better scores in Reasoning Ability and Overall Cognitive Performance (*p* \< 0.05) than girls in the active commuting to school ≤ 15-minute group. No significant differences were found in boys.   Age, school, BMI, and extracurricular PA.

Abbreviations: BMI, body mass index; CRF, cardiorespiratory fitness; PA, physical activity; SES, socioeconomic status.

ijerph-16-01839-t003_Table 3

###### 

Main outcomes of included studies that analyzed the association between active commuting to and from school (ACS) and academic achievement.

  Reference                                               Results                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     Covariates
  ------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------
  Ruiz-Hermosa et al. 2018 \[[@B40-ijerph-16-01839]\]     No differences were found between walking to school and passive commuters with language-related skills outcomes in children aged 4 to \<6 years old. Walking to school was not associated with language-related skills and mathematics-related skills outcomes in children aged ≥6 to 7 years old.                                                                                                                                                                                                                                                                                                                                                                                          Age, BMI, CRF, and SES.
  García-Hermoso et al. 2017 \[[@B25-ijerph-16-01839]\]   Students who spent 30 to 60 min of ACS were more likely to have better scores in mathematics-related skills (OR = 2.19, 95% CI: 1.06 to 5.05; *p* = 0.028) and language-related skills (OR = 3.53, 95% CI: 1.12 to 4.37; *p* = 0.003) than noncommuters. No differences were found between non-ACS and ≤30 min of ACS groups or between non-ACS and \>60 min of ACS groups.                                                                                                                                                                                                                                                                                                                 Sex, weight status, birth weight, PA, screen time, maternal education, and SES.
  Mora-González et al. 2017 \[[@B41-ijerph-16-01839]\]    Children in the non-ACS group had better scores than children in the ACS group in mathematics-related skills (7.46 ± 0.17 vs 6.95 ± 0.12, respectively; *p* = 0.009), language-related skills (7.72 ± 0.16 vs. 7.10 ± 0.12; *p* = 0.007), English (7.63 ± 0.17 vs. 7.01 ± 0.12; *p* = 0.002), natural sciences (7.59 ± 0.17 vs. 7.02 ± 0.12; *p* = 0.003) and overall academic achievement (7.60 ± 0.15 vs. 7.02 ± 0.11; *p* = 0.001). No differences were found between the ACS and non-ACS groups with academic achievement outcomes (mathematics-related skills, language-related skills, English, natural sciences, social sciences and overall academic achievement) in adolescents.   Age, sex, and school.
  Ruiz-Ariza et al. 2017 \[[@B42-ijerph-16-01839]\]       Girls in the ACS group had significantly higher scores than girls in the non-ACS group in mathematics-related skills (6.47 ± 2.02 vs. 6.02 ± 2.15, respectively; *p* = 0.027), physical education (7.65 ± 1.38 vs. 7.28 ± 1.50; *p* = 0.005) and overall academic achievement (6.97 ± 1.49 vs. 6.58 ± 1.54; *p* = 0.008). No significant differences were found in boys.                                                                                                                                                                                                                                                                                                                    Age and BMI.
  Domazet et al. 2016 \[[@B43-ijerph-16-01839]\]          Students who cycled to and from school were more likely to have better scores than noncommuters in mathematics-related skills (OR = 5.4, 95% CI: 1.9 to 8.8; *p* \< 0.01). Walking to and from school was not associated with mathematics-related skills.                                                                                                                                                                                                                                                                                                                                                                                                                                   Age, sex, SES, breakfast consumption, and supporting teaching outside the classroom during school hours.
  Martins et al. 2016 \[[@B45-ijerph-16-01839]\]          No differences were found between non-ACS and one-way ACS or both-ways ACS in language-related skills, mathematics-related skills, and physical education outcomes.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         Age, sex, SES, and school.
  Van Dijk et al. 2014 \[[@B46-ijerph-16-01839]\]         No differences were found between ACS and passive commuters in mathematics-related skills and overall academic achievement outcomes.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        Sex, academic year, SES, BMI, depressive symptoms, ethnicity, school level, and PA per week by accelerometer.
  Stea and Torstveit 2014 \[[@B47-ijerph-16-01839]\]      ACS was positively associated with better scores in overall academic achievement than noncommuters in both girls (OR = 1.51, 95% CI: 1.10 to 2.08; *p* \< 0.05) and boys (OR = 1.72, 95% CI: 1.26 to 2.35; *p* \< 0.05).                                                                                                                                                                                                                                                                                                                                                                                                                                                                    BMI and SES.
  Haapala et al. 2014 \[[@B48-ijerph-16-01839]\]          ACS was positively associated with reading fluency (β = 0.26, *p* \< 0.01) and reading comprehension (β = 0.25, *p* \< 0.01), but not with mathematics-related skills in boys. In girls, no associations were found.                                                                                                                                                                                                                                                                                                                                                                                                                                                                        Age, sex, SES, PANIC study group (exercise and diet vs. control), body fat percentage, lean body mass, CRF, motor performance, and reading disability.
  Stock et al. 2012 \[[@B49-ijerph-16-01839]\]            ACS group was positively associated with higher overall academic achievement (OR = 2.03, 95% CI: 1.57 to 2.62).                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             SES and type of land use (buildings, single houses, farming, or traffic).
  Martínez-Gómez et al. 2011 \[[@B50-ijerph-16-01839]\]   Girls in the active commuting to school group had significantly higher scores than girls in the non-active commuting to school group in language-related skills (20.82 ± 6.08 vs. 18.90 ± 5.88, respectively; *p* \< 0.001) and mathematics-related skills (13.28 ± 4.91 vs. 12.36 ± 4.28; *p* = 0.008). In addition, girls in the active commuting to school \> 15-minute group had better scores in mathematics-related skills than girls in the active commuting to school ≤ 15-minute group. No significant differences were found in boys.                                                                                                                                             Age, school, BMI, and extracurricular PA.

Abbreviations: BMI, body mass index; CRF, cardiorespiratory fitness; PA, physical activity; SES, socioeconomic status; CI, confidence interval; OR, odds ratio.

When studies provided linear regression beta coefficients or mean differences and standard deviations, these data were used to estimate the ES \[[@B51-ijerph-16-01839],[@B52-ijerph-16-01839]\]. Additionally, when studies provided an odds ratio (OR), the ES was calculated with the natural log OR \[[@B51-ijerph-16-01839],[@B53-ijerph-16-01839]\]. On the other hand, some statistical aspects that should be considered in this meta-analysis were as follows: (1) we separately estimated ES when studies provided data for children (aged 4 to \<12 years) and adolescents (aged ≥12 to 18 years), boys and girls, and walking and cycling; (2) when studies included two or more follow-up measurements, only the baseline measurement was considered; (3) when studies presented several statistical adjustment models, we considered those that included the largest number of additional covariates; and (4) a pooled ES was only calculated when four or more studies included data of the same group of measured outcomes.

For each pooled ES, we conducted a sensitivity analysis by removing the studies one by one to assess the robustness of the summary estimates and to detect whether any particular study accounted for a large proportion of heterogeneity. In addition, subgroup analyses were based on the mode of ACS, age (children \[aged 4 to \<12 years\] and adolescents \[aged ≥12 to 18 years\]) and sex.

Statistical analyses were performed using StataSE software, version 14 (StataCorp, College Station, TX, USA).

3. Results {#sec3-ijerph-16-01839}
==========

3.1. Systematic Review {#sec3dot1-ijerph-16-01839}
----------------------

The search retrieved a total of 2214 potentially eligible articles. After removing 128 duplicates, 2086 were screened in detail based on the title and abstract. Finally, a total of 12 studies met the inclusion criteria \[[@B25-ijerph-16-01839],[@B40-ijerph-16-01839],[@B41-ijerph-16-01839],[@B42-ijerph-16-01839],[@B43-ijerph-16-01839],[@B44-ijerph-16-01839],[@B45-ijerph-16-01839],[@B46-ijerph-16-01839],[@B47-ijerph-16-01839],[@B48-ijerph-16-01839],[@B49-ijerph-16-01839],[@B50-ijerph-16-01839]\] ([Figure 1](#ijerph-16-01839-f001){ref-type="fig"}).

The main characteristics of the included studies are summarized in [Table 1](#ijerph-16-01839-t001){ref-type="table"}. The studies were published between 2011 and 2018; they were conducted in seven European countries \[[@B40-ijerph-16-01839],[@B41-ijerph-16-01839],[@B42-ijerph-16-01839],[@B43-ijerph-16-01839],[@B44-ijerph-16-01839],[@B45-ijerph-16-01839],[@B46-ijerph-16-01839],[@B47-ijerph-16-01839],[@B48-ijerph-16-01839],[@B49-ijerph-16-01839],[@B50-ijerph-16-01839]\] and one in Chile \[[@B25-ijerph-16-01839]\]. Ten studies were cross-sectional studies \[[@B25-ijerph-16-01839],[@B40-ijerph-16-01839],[@B41-ijerph-16-01839],[@B42-ijerph-16-01839],[@B43-ijerph-16-01839],[@B45-ijerph-16-01839],[@B46-ijerph-16-01839],[@B47-ijerph-16-01839],[@B49-ijerph-16-01839],[@B50-ijerph-16-01839]\] and two were follow-up studies \[[@B44-ijerph-16-01839],[@B48-ijerph-16-01839]\]. The sample sizes of the studies ranged from 186 to 10,380 participants, and the total sample included 23,516 children and adolescents aged 4 to 18 years.

All the studies used self-report questions or diaries to assess ACS, with the exception of Van Dijk et al. \[[@B46-ijerph-16-01839]\] that used accelerometers. The studies showed a wide range of indicators or definitions to determine patterns of commuting to and from school and used different categories for differentiating between active and passive travelers ([Table 1](#ijerph-16-01839-t001){ref-type="table"}). Overall, researchers included information regarding the mode of commuting to and from school \[[@B25-ijerph-16-01839],[@B40-ijerph-16-01839],[@B41-ijerph-16-01839],[@B42-ijerph-16-01839],[@B43-ijerph-16-01839],[@B44-ijerph-16-01839],[@B45-ijerph-16-01839],[@B47-ijerph-16-01839],[@B48-ijerph-16-01839],[@B49-ijerph-16-01839],[@B50-ijerph-16-01839]\], duration of ACS \[[@B25-ijerph-16-01839],[@B40-ijerph-16-01839],[@B42-ijerph-16-01839],[@B44-ijerph-16-01839],[@B45-ijerph-16-01839],[@B46-ijerph-16-01839],[@B48-ijerph-16-01839],[@B49-ijerph-16-01839],[@B50-ijerph-16-01839]\], number of active trips on a weekly basis \[[@B42-ijerph-16-01839]\] and distance between home to school \[[@B45-ijerph-16-01839]\]. Finally, the mode of ACS varied across studies: three studies \[[@B25-ijerph-16-01839],[@B40-ijerph-16-01839],[@B42-ijerph-16-01839]\] included only information regarding walkers; eight studies \[[@B41-ijerph-16-01839],[@B44-ijerph-16-01839],[@B45-ijerph-16-01839],[@B46-ijerph-16-01839],[@B47-ijerph-16-01839],[@B48-ijerph-16-01839],[@B49-ijerph-16-01839],[@B50-ijerph-16-01839]\] combined walkers with cyclists and skaters in the analyses; and only one study \[[@B43-ijerph-16-01839]\] analyzed cyclists and walkers separately.

Four articles analyzed both cognitive performance and academic achievement \[[@B40-ijerph-16-01839],[@B43-ijerph-16-01839],[@B46-ijerph-16-01839],[@B50-ijerph-16-01839]\]. A total of five studies provided data regarding the cognitive performance of students for the following cognitive domains: nonexecutive cognitive functions \[[@B40-ijerph-16-01839]\], core executive functions \[[@B43-ijerph-16-01839],[@B44-ijerph-16-01839],[@B46-ijerph-16-01839]\] and metacognition \[[@B40-ijerph-16-01839],[@B50-ijerph-16-01839]\]. Eleven articles provided data regarding the academic achievement of students. In these studies, researchers included information on marks for the following subjects: Mathematics-related skills (mathematics, arithmetic and numeracy) \[[@B25-ijerph-16-01839],[@B40-ijerph-16-01839],[@B41-ijerph-16-01839],[@B42-ijerph-16-01839],[@B43-ijerph-16-01839],[@B45-ijerph-16-01839],[@B46-ijerph-16-01839],[@B48-ijerph-16-01839],[@B50-ijerph-16-01839]\], language-related skills (language, vocabulary and writing) \[[@B25-ijerph-16-01839],[@B40-ijerph-16-01839],[@B41-ijerph-16-01839],[@B42-ijerph-16-01839],[@B45-ijerph-16-01839],[@B46-ijerph-16-01839],[@B50-ijerph-16-01839]\], reading \[[@B48-ijerph-16-01839]\], English (as a foreign language) \[[@B41-ijerph-16-01839],[@B46-ijerph-16-01839]\], physical education \[[@B42-ijerph-16-01839],[@B45-ijerph-16-01839]\], natural sciences \[[@B41-ijerph-16-01839]\], social sciences \[[@B41-ijerph-16-01839]\] and overall academic achievement (as grade point average or general perception of academic achievement) \[[@B41-ijerph-16-01839],[@B42-ijerph-16-01839],[@B47-ijerph-16-01839],[@B49-ijerph-16-01839]\].

The evidence about the association between ACS and cognitive performance and academic achievement of included articles is summarized in [Table 2](#ijerph-16-01839-t002){ref-type="table"} and [Table 3](#ijerph-16-01839-t003){ref-type="table"}, respectively. Among the studies that examined cognitive performance, two out of five studies found that ACS was associated with improvements in core executive functions \[[@B46-ijerph-16-01839]\] and metacognition \[[@B50-ijerph-16-01839]\] in adolescent girls but not in boys. Regarding academic achievement, a total of seven out of 11 studies found that ACS was associated with better marks in mathematics-related skills \[[@B25-ijerph-16-01839],[@B42-ijerph-16-01839],[@B43-ijerph-16-01839],[@B50-ijerph-16-01839]\], language-related skills \[[@B25-ijerph-16-01839],[@B50-ijerph-16-01839]\], reading \[[@B48-ijerph-16-01839]\], physical education \[[@B42-ijerph-16-01839]\], and overall academic achievement \[[@B42-ijerph-16-01839],[@B47-ijerph-16-01839],[@B49-ijerph-16-01839]\]. Of these studies, one article \[[@B43-ijerph-16-01839]\] found improvements only in cyclists, another study \[[@B48-ijerph-16-01839]\] showed positive significant differences only in boys and two studies \[[@B42-ijerph-16-01839],[@B50-ijerph-16-01839]\] found better marks only in girls. Conversely, only one study \[[@B41-ijerph-16-01839]\] pointed out that ACS was inversely associated with academic achievement (mathematics-related skills, language-related skills, English, natural sciences and overall academic achievement).

Most studies reported models controlled for several covariates, showing a wide heterogeneity ([Table 2](#ijerph-16-01839-t002){ref-type="table"} and [Table 3](#ijerph-16-01839-t003){ref-type="table"}). Seven studies included aged \[[@B40-ijerph-16-01839],[@B41-ijerph-16-01839],[@B42-ijerph-16-01839],[@B43-ijerph-16-01839],[@B45-ijerph-16-01839],[@B48-ijerph-16-01839],[@B50-ijerph-16-01839]\] and sex \[[@B25-ijerph-16-01839],[@B41-ijerph-16-01839],[@B43-ijerph-16-01839],[@B44-ijerph-16-01839],[@B45-ijerph-16-01839],[@B46-ijerph-16-01839],[@B48-ijerph-16-01839]\] of participants as a covariate in their analyses. While adiposity was included as a covariate in more than half of the studies \[[@B25-ijerph-16-01839],[@B40-ijerph-16-01839],[@B42-ijerph-16-01839],[@B46-ijerph-16-01839],[@B47-ijerph-16-01839],[@B48-ijerph-16-01839],[@B50-ijerph-16-01839]\], fitness was only included in two studies \[[@B40-ijerph-16-01839],[@B48-ijerph-16-01839]\] and levels of PA of participants in three studies \[[@B25-ijerph-16-01839],[@B46-ijerph-16-01839],[@B50-ijerph-16-01839]\]. Nine studies \[[@B25-ijerph-16-01839],[@B40-ijerph-16-01839],[@B43-ijerph-16-01839],[@B44-ijerph-16-01839],[@B45-ijerph-16-01839],[@B46-ijerph-16-01839],[@B47-ijerph-16-01839],[@B48-ijerph-16-01839],[@B49-ijerph-16-01839]\] included the familial socioeconomic status (SES) as a possible variable of confusion. Finally, several studies included in this review also considered other potential confounders in their analysis: school \[[@B41-ijerph-16-01839],[@B45-ijerph-16-01839],[@B50-ijerph-16-01839]\], academic year \[[@B46-ijerph-16-01839]\], maternal education \[[@B25-ijerph-16-01839],[@B44-ijerph-16-01839]\], birth weight \[[@B25-ijerph-16-01839]\], screen time \[[@B25-ijerph-16-01839]\], breakfast consumption \[[@B43-ijerph-16-01839]\], supporting teaching outside the classroom during school hours \[[@B43-ijerph-16-01839]\], residential neighborhood \[[@B44-ijerph-16-01839]\], air pollution \[[@B44-ijerph-16-01839]\], depressive symptoms \[[@B46-ijerph-16-01839]\], ethnicity \[[@B46-ijerph-16-01839]\], reading disability \[[@B48-ijerph-16-01839]\] and type of land use (buildings, single houses, farming, or traffic) \[[@B49-ijerph-16-01839]\].

3.2. Risk of Bias {#sec3dot2-ijerph-16-01839}
-----------------

Of the 12 studies in which risk of bias was assessed, 50% of the studies showed low risk, 16.7% showed medium risk, and 33.3% showed high risk (see [supplementary material Table S3](#app1-ijerph-16-01839){ref-type="app"}). All the studies showed a higher quality in the description of the study sample. However, only 33.3% of the studies showed an adequate adjustment of the main confounders. Similarly, 41.6% of the studies showed an adequate assessment/reporting of ACS.

3.3. Meta-Analysis {#sec3dot3-ijerph-16-01839}
------------------

A total of nine studies \[[@B25-ijerph-16-01839],[@B40-ijerph-16-01839],[@B41-ijerph-16-01839],[@B42-ijerph-16-01839],[@B43-ijerph-16-01839],[@B44-ijerph-16-01839],[@B45-ijerph-16-01839],[@B47-ijerph-16-01839],[@B50-ijerph-16-01839]\], which included data about differences between active and passive commuters on cognitive performance or academic achievement, were included in the meta-analysis.

### 3.3.1. Cognitive Performance {#sec3dot3dot1-ijerph-16-01839}

The pooled ES estimate was not statistically significant (ES: −0.02; 95% CI: −0.0.6 to 0.03) for the association between the mode of commuting to and from school (ACS or non-ACS) and a global measure of all cognitive domains (including nonexecutive cognitive functions, core executive functions, and metacognition) \[[@B40-ijerph-16-01839],[@B43-ijerph-16-01839],[@B44-ijerph-16-01839],[@B50-ijerph-16-01839]\], and there was no important heterogeneity among studies (I^2^ = 17.2%; *p* = 0.269) ([Figure 2](#ijerph-16-01839-f002){ref-type="fig"}).

### 3.3.2. Academic Achievement {#sec3dot3dot2-ijerph-16-01839}

The pooled ES estimates for the relationship between the mode of commuting to and from school (ACS or non-ACS) on academic achievement was not statistically significant for mathematics-related skills \[[@B25-ijerph-16-01839],[@B40-ijerph-16-01839],[@B41-ijerph-16-01839],[@B42-ijerph-16-01839],[@B43-ijerph-16-01839],[@B45-ijerph-16-01839],[@B50-ijerph-16-01839]\] (ES: −0.33; 95% CI: −0.83 to 0.17) and language-related skills \[[@B25-ijerph-16-01839],[@B40-ijerph-16-01839],[@B41-ijerph-16-01839],[@B42-ijerph-16-01839],[@B45-ijerph-16-01839],[@B50-ijerph-16-01839]\] (ES: −0.37; 95% CI: −0.88 to 0.15). Heterogeneity among the studies was considerable for mathematics-related skills (I^2^ = 98.8%; *p* = 0.001) and language-related skills (I^2^ = 98.7%; *p* = 0.001) ([Figure 3](#ijerph-16-01839-f003){ref-type="fig"}).

### 3.3.3. Sensitivity and Subgroup Analysis {#sec3dot3dot3-ijerph-16-01839}

Both the pooled ES estimates and heterogeneity were not significantly modified for mathematics-related skills, language-related skills and cognitive performance when the data from individual studies were removed from the analysis one by one (see [supplementary material Table S4](#app1-ijerph-16-01839){ref-type="app"}). In addition, subgroup analyses were based on the mode of ACS, age (children \[aged 4 to \<12 years\] and adolescents \[aged ≥12 to 18 years\]) and sex did not show significant differences in the pooled ES estimates for mathematics-related skills and language-related skills (see [supplementary material Table S5](#app1-ijerph-16-01839){ref-type="app"}).

4. Discussion {#sec4-ijerph-16-01839}
=============

To our knowledge, this is the first systematic review and meta-analysis that summarizes the evidence regarding the relationship between ACS and children´s and adolescents' cognitive performance and academic achievement. Our findings suggest that ACS was not significantly associated with cognitive performance and academic achievement. However, there was insufficient evidence to draw a definitive conclusion due to the small number of studies and the level of heterogeneity among them.

Previous systematic reviews and meta-analyses have shown that PA has a positive impact on cognitive performance and academic achievement in children and adolescents \[[@B3-ijerph-16-01839],[@B5-ijerph-16-01839],[@B6-ijerph-16-01839],[@B7-ijerph-16-01839],[@B28-ijerph-16-01839],[@B54-ijerph-16-01839]\]. Overall, this relationship seems to be determined by several mechanisms, such as increased oxygen and blood flow to the brain resulting in enhanced synaptic plasticity and neurogenesis \[[@B11-ijerph-16-01839],[@B12-ijerph-16-01839],[@B13-ijerph-16-01839]\]. Similarly, previous studies have shown that regular PA could produce changes in structural brain volumes and improve brain functioning \[[@B7-ijerph-16-01839],[@B55-ijerph-16-01839],[@B56-ijerph-16-01839]\]. However, despite the amount of evidence of these benefits, the results of this review are not enough to support a relationship between ACS and cognitive performance and academic achievement. Several factors and methodological weaknesses in the included studies could underlie these inconsistencies.

First, the studies included in this review showed a wide range of definitions to determine patterns of commuting to and from school and differentiate between active and passive commuters. On the one hand, some studies asked about the usual mode of commuting to and from school, whereas others only asked about the usual mode of commuting to school (but not from school) or by the number of active weekly trips. On the other hand, the studies used different categories for the mode of commuting to and from school, duration of commuting, and the number of active trips that counted as ACS. Along these lines, a recent systematic review provided a standardized self-report measure for this area of research to facilitate replication and comparison between future studies \[[@B57-ijerph-16-01839]\]. Additionally, future studies should also consider the use of more objective instruments to measure commuting to and from school (e.g., accelerometry, wearable daily movement tracking or positioning systems) to shed more light on these relationships.

On the other hand, most studies included in this review showed low frequencies of participants who cycled to and from school or combined walking and cycling in their analysis. Indeed, only Domazet et al. \[[@B43-ijerph-16-01839]\] examined cycling separately, and they reported that while cycling to and from school was positively associated with a greater mathematics performance, walking to and from school had no positive impact on performance in this subject. Previous studies have suggested that light, moderate and vigorous PA are associated with differential improvements in academic performance \[[@B3-ijerph-16-01839],[@B58-ijerph-16-01839],[@B59-ijerph-16-01839]\]. However, other studies have described a situation in which only PA with a particular intensity seems to have a crucial role with improvements in cognitive functioning \[[@B3-ijerph-16-01839],[@B7-ijerph-16-01839]\]. Therefore, it is possible that different levels of PA intensity are associated with diverse effects on academic achievement and cognitive performance \[[@B3-ijerph-16-01839]\]. In this sense, it is conceivable to speculate that the intensity of walking was not sufficient to produce improvements in academic achievement and cognitive performance in children and adolescent at these ages. Therefore, it is not surprising that other reviews that have analyzed the relationship of ACS with variables such as fitness or adiposity have not found consistent results for schoolchildren who walked to and from school but did find a positive impact for cyclists \[[@B26-ijerph-16-01839],[@B27-ijerph-16-01839]\].

In addition, a high proportion of the studies included in this review were conducted in Spain, where rates of cycling to and from school are uncommon, and students usually prefer walking to and from school \[[@B60-ijerph-16-01839]\]. Moreover, although commuting distance to and from school is the most common factor that can determine the decision to actively commute \[[@B26-ijerph-16-01839],[@B61-ijerph-16-01839],[@B62-ijerph-16-01839]\], none of the studies in this review included the distance of the commute to and from school as a covariate in their analyses. Along these lines, two studies \[[@B25-ijerph-16-01839],[@B50-ijerph-16-01839]\] in this review showed that a longer duration (an indirect indicator of distance) of ACS may have had a positive influence on academic achievement and cognitive performance in children and adolescents. Thus, it is essential for future studies to expand our understanding of the optimal distance and duration of ACS that are necessary to produce improvements in cognitive performance and academic achievement.

Similarly, only half of the included studies in this review \[[@B40-ijerph-16-01839],[@B42-ijerph-16-01839],[@B46-ijerph-16-01839],[@B47-ijerph-16-01839],[@B48-ijerph-16-01839],[@B50-ijerph-16-01839]\] analyzed the association of ACS with academic achievement or cognitive performance by sex subgroups. Stea and Torstveit \[[@B47-ijerph-16-01839]\] showed that higher values of academic achievement were associated with ACS in boys and girls among the adolescent population. However, three studies \[[@B42-ijerph-16-01839],[@B46-ijerph-16-01839],[@B50-ijerph-16-01839]\] found that ACS was positively associated with better cognitive performance and academic achievement in adolescent girls but not in adolescent boys. Among populations of children, Ruiz-Hermosa et al. \[[@B40-ijerph-16-01839]\] found that ACS was not associated with cognitive performance in either boys or girls, whereas Haapala et al. \[[@B48-ijerph-16-01839]\] reported a positive association in the academic performance of boys but not girls. Therefore, our results suggest that it is possible that there is a sex difference in the relationship between ACS with cognitive performance and academic achievement in the case of adolescents. Some of the reasons that could explain this sex-specific effect are differences in PA levels between boys and girls produced during adolescence, the neurotrophic hypothesis of depression, the stress of school or other changes specifically produced during adolescence \[[@B46-ijerph-16-01839],[@B50-ijerph-16-01839]\].

Another aspect that should be considered is that several studies included in this review did not consider different potential confounders in their analysis, such as age, extracurricular PA, or the surrounding environment. Along these lines, SES has been identified as an important factor that can determine the decision to actively commute \[[@B26-ijerph-16-01839],[@B61-ijerph-16-01839]\]. In addition, previous research has indicated that the SES of families has a strong association with academic achievement of young people and could mediate the relationship between PA and academic performance \[[@B58-ijerph-16-01839],[@B63-ijerph-16-01839]\]. Indeed, a growing body of literature has revealed associations between SES and some neurocognitive domains as well as the structure and function of the brain \[[@B64-ijerph-16-01839]\]. This fact could explain the results of some research, as in the case of the study conducted by Mora-Gonzalez et al. \[[@B41-ijerph-16-01839]\], who found that ACS was inversely associated with academic achievement in Spanish children. The adiposity and fitness of the participants could be another confounding variable in the relationship between ACS and cognition and academic achievement. In this review, seven studies \[[@B25-ijerph-16-01839],[@B40-ijerph-16-01839],[@B42-ijerph-16-01839],[@B46-ijerph-16-01839],[@B47-ijerph-16-01839],[@B48-ijerph-16-01839],[@B50-ijerph-16-01839]\] included adiposity as a covariate, while fitness was only included in two studies \[[@B40-ijerph-16-01839],[@B48-ijerph-16-01839]\]. Several studies have indicated that overweight/obesity are related to structural alterations in the brain and negatively associated with cognitive performance and academic achievement in children and adolescents \[[@B65-ijerph-16-01839],[@B66-ijerph-16-01839]\]. Moreover, higher levels of physical fitness have also been linked to a positive effect on cognitive function and academic achievement \[[@B12-ijerph-16-01839],[@B28-ijerph-16-01839],[@B55-ijerph-16-01839],[@B66-ijerph-16-01839]\]. Consequently, these and other possible confounders, such as air pollution or genetic factors, should be studied and taken into account in future studies for this area of research.

Limitations
-----------

Regarding this review, there are several limitations that should be considered when interpreting these results. First, we should consider that this review only included studies with a cross-sectional design or the baseline measurements of cohort studies. However, to our knowledge, there are no intervention studies that analyze the effects of ACS on cognitive performance or academic achievement. Second, it is necessary to point out that the meta-analyses were conducted using ES estimates and their corresponding 95% CIs from the results of each study, but not using the original data as provided by the studies (i.e., OR values or beta coefficients). In addition, it is possible that studies with poor or nonsignificant results were less likely to be published. Thus, bias cannot be ruled out. Third, few studies included analysis of subgroups by sex and age, which could have influenced our findings. However, the sensitivity analyses by subgroups did not show significant ES differences. On the other hand, the methodological differences between the studies (for example, the wide range of definitions to determine patterns of commuting to and from school or the different scales and tools for measuring cognitive performance and academic achievement), the lack of studies controlling for potential confounders (such as total PA, distance from home to school or SES) in their analyses, and the small number of studies included in this review could influence the generalizability of our results. Thus, the results should be interpreted with caution. Lastly, it is possible publication bias since our search strategy was limited to published studies in English or Spanish and did not include conference abstracts or grey literature.

5. Conclusions {#sec5-ijerph-16-01839}
==============

This is the first systematic review and meta-analysis that provides summarized evidence regarding the relationship of ACS on children´s and adolescents' cognitive performance and academic achievement. Our results show that there was no consistent evidence regarding the relationship between ACS and cognitive performance and academic achievement. Future studies are needed using a standardized self-reports or objective measure of ACS to determine consistently the effect of ACS on cognitive performance and academic achievement in children and adolescents. These studies should accurately assess the characteristics of the ACS (energy expenditure demands, duration and distance), because these characteristics may confuse the influence of ACS on academic achievement and cognitive performance. The control of mediators and confounders such as age, sex, total PA, SES, or weight status and fitness must be another key aspect to consider in future research. In addition, it is essential to separately analyze walking, cycling or even other means of commuting (such as skates or scooters) to and from school since their characteristics in terms of intensity and type of exercise could have different impacts on cognitive performance and academic achievement.

The following are available online at <https://www.mdpi.com/1660-4601/16/10/1839/s1>: Table S1: MOOSE checklist for meta-analyses of observational studies; Table S2: Search strategy for MEDLINE; Table S3: Methodological quality of the included studies; Table S4: Sensitivity analysis involving the removal of studies one by one for mathematics-related skills, language-related skills, and cognitive performance.; Table S5: Subgroup analyses based on the mode of commuting to and from school, age, and sex for mathematics-related skills and language-related skills.
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